INTRODUCTION
Inflammation, from the latin to set on fire, is the protective response that cellular and humoral elements of the organism mount in response to an injury or infection. It probably evolved not only as a means to remove the originating insult in multicellular organisms, but also to promote the restoration of normal organ function and homeostasis (1) .
The primary response of inflammation is very fast and involves immune cells carrying noxious agents ready to be released into the injured milieu. The main players of this initial phase of inflammation are neutrophils, a subset of leukocytes of myeloid origin. Neutrophils have a very short half life (6-8 h ) and constitute about 10% of leukocytes in murine blood and up to 70% in humans, but their numbers in circulation can dramatically and rapidly increase during inflammatory conditions. The importance of neutrophils for the defense against infecting pathogens is highlighted by the moderate to severe susceptibility to infections observed in animals or humans with mutations in genes involved in neutrophil trafficking (such as leukocyte adhesion deficiency types I, II and III, which affect integrins, selectin ligands and activators of integrins, respectively) (2), neutrophil generation or survival (3) (4) (5) or microbicidal capacity (such as that present in Chronic Granulomatous Disease (6)).
The other major players involved in the initial response to injury are platelets. These are anucleated fragments released from bone marrow megakariocytes with a short half-life (approximately 4 days in humans). Similar to neutrophils, they are prominently characterized by the presence of numerous granules filled with a cargo (including nucleotides, secretagogues, adhesion receptors, cytokines, mitogenic and coagulation factors and proteases) that participates in different aspects of hemostasis and immunity (7, 8) . Consistent with their primary role in maintaining hemostasis, defects in genes related to platelet function normally result in bleeding disorders.
Platelets are, however, growingly considered as an important component of the immune response (9) . This is in part due to the observation that platelets can bind other blood components: binding to lymphocytes controls their homing to lymph nodes and thus modulates the adaptive immune response (10, 11) , while binding to monocytes and neutrophils has been shown to enhance their function as well as recruitment to extravascular areas. Platelet interactions with infected erythrocytes (RBC) have also revealed a direct function of platelets in eliminating malarial parasites (12) .
Neutrophils and platelets are thus essential for a primary immune response and allow the elimination of the originating stimuli (e.g., by release of microbicidal agents or phagocytosis) and contribute to repairing the damaged tissue (e.g., by secretion of growth factors and recruitment of progenitor cells). An increasing body of work has revealed that beyond their individual functions, the physical interaction between neutrophils and platelets can enhance the protective inflammatory response (8, 13) . This phenomenon, however, is a double-edged sword because the untimely activation of this response within the blood vessels can alter the vascular integrity and damage the tissues they irrigate. Only recently we are beginning to learn how these processes shape the inflammatory response in acute (e.g., sepsis, acute organ injury or pain crises in patients with sickle cell disease) or chronic (e.g., atherosclerosis) settings.
Because cardiovascular diseases are by far the major cause of morbidity and mortality in modern societies, accounting for over 20% of deaths world-wide (14), a better understanding of the temporal and spatial interactions among these cells may offer attractive targets for therapeutic intervention. Interactions among other cellular components of the innate immune system (e.g., monocytes, macrophages and neutrophils) in mounting and resolving inflammation has been extensively studied (reviewed in (15)) and will not be reviewed here, but can give the reader a broader understanding of the importance of heterocellular interactions in the biology of inflammation.
In this review we will consider the mechanisms that allow the recruitment of neutrophils and platelets to areas of inflammation, the distinct morphological and molecular rearrangements that neutrophils undergo in these areas, and the formation of intravascular heterotypic aggregates. Finally, we will review evidence indicating that as a result of these interactions neutrophils can become abnormally activated and contribute to inflammatory injury, and discuss the potential implications of these phenomena in the context of cardiovascular disease.
INITIATION OF INFLAMMATION AND NEUTROPHIL RECRUITMENT
Inflammation originates in response to the presence of antigens, foreign organisms (e.g., bacteria or fungi) or trauma. Danger signals, detected by tissueresident sentinel cells (e.g., macrophages or dendritic cells) through various pattern-recognition receptors, trigger the production of pro-inflammatory cytokines such as interferons, interleukins or tumor necrosis factor-alpha (TNF) -alpha (1). These cytokines then induce activation of the endothelium lining the vessels that irrigate the affected tissues, and result in the expression of adhesion receptors, more cytokines or chemokines that eventually allow the recruitment of circulating leukocytes (16) . A subset of monocytes identified by intravital imaging was shown to patrol the vascular lumen under steady-state conditions and might well be the first leukocyte subset to accumulate after injury (17) .
Neutrophils are the next cell subset to rapidly and massively accumulate at the site of injury (15) . In contrast with other leukocyte subsets involved in later stages of inflammation (e.g., lymphocytes), neutrophils are constitutively equipped with receptors that mediate interactions with the inflamed microvasculature. Induction of adhesive molecules on the endothelial cell surface is thus sufficient to initiate contacts between neutrophils and endothelial cells. These initial contacts are mediated by Pand E-selectins on the endothelium and their ligands on neutrophils (18) (Figure 1 ). P-selectin, which is also present in the alpha granules of platelets, is stored in the Weibel-Palade bodies of endothelial cells and is rapidly displayed on the cell surface following activation (16) , thus allowing a first wave of leukocyte recruitment. E-selectin expression, in contrast, requires transcriptional activation and appears together with counter-receptors for integrins (mainly ICAM-1 and VCAM-1) on the endothelium to maximize leukocyte recruitment. Because of the optimal on-off binding rates at physiological shear forces, selectinmediated interactions result in a rolling-like motion (19) that allows exposure of leukocytes to chemokines present on the endothelial surface. P-selectin is involved in the initial capture or tethering of circulating neutrophils through engagement of P-selectin glycoprotein ligand-1 (PSGL-1) (20) . E-selectin in turn mediates a slow rolling motion and promotes leukocyte arrest though engagement of a number of different glycoconjugate ligands present on the neutrophil surface (21, 22) . Although the full repertoire of these Leukocytes tether and roll on P-and E-selectins and their ligands PSGL-1, CD44 and ESL-1. These interactions induce activity of members of the Src kinase family (SFK) and partial LFA-1 and Mac-1 integrin activation. CD44 and ESL-1 mediate slow rolling, resulting in neutrophil activation that leads to polarization of molecules to the uropod or the leading edge. Presence of activated adhesion receptors on intravascular leukocytes allows interactions among different blood components. On polarized cells, interactions with platelets are putatively mediated by PSGL-1 at the uropod and by Mac-1 at the leading edge. The leading edge also mediates interactions with circulating RBC. The ligands on platelets and RBCs that mediate these captures are yet unidentified. As a result of these interactions, outside-in signals delivered by engaged integrins further activate adherent neutrophils and promote ROS release. 2. Platelet interactions. Resting or activated platelets roll on stimulated or damaged endothelium and can firmly arrest. Resting platelets express GPIbα and PSGL-1 which mediate the tethering on vWf and P-selectin on the endothelium, respectively. During inflammation, fibrinogen or fibrin promote aggregation of activated platelets or adhesion to the vessel wall through GPIIb/IIIa. Adherent platelets promote recruitment of leukocytes through P-selectin and can enhance pathological states. Binding to leukocytes in the circulation is mediated by P-selectin and GPIbα, uncharacterized receptor/ligand pairs. ligands remains to be characterized, it has been reported that PSGL-1, CD44 and E-selectin ligand-1 (ESL-1) account for most of the E-selectin ligand activity on mouse neutrophils (23, 24) . Additional ligands, such as CD43 on inflammatory T lymphocytes and lipids and O-glycans on neutrophils, have been reported but their functions or identities are poorly defined (25) (26) (27) (28) .
Beyond their role in mediating leukocyte tethering and rolling, engagement of both P-and E-selectin also contributes to activation of the rolling neutrophil. This is an important and underappreciated aspect of inflammation because selectins promote integrin activation and initiate the formation of microdomains that further trigger inflammatory phenomena mediated by these cells, as we discuss below. Thus, engagement of PSGL-1 by endothelial or platelet-derived P-selectin induces tyrosine phosphorylation and Src-family kinase (SFK) activation, resulting in activation of the integrin Mac-1 (αMβ2 or CD11bCD18) on neutrophils (29) (30) (31) . Engagement of PSGL-1 or CD44 by E-selectin, in contrast, sequentially signals through correceptors containing immunoreceptor tyrosine-based activation motifs (ITAM), SFK, the spleen tyrosine kinase (Syk), the Bruton tyrosine kinase and the p38 MAP kinase to promote the partial activation of the other beta 2 integrin present on neutrophils, LFA-1 (22, 32, 33) . Activated LFA-1 in turn engages endothelial ICAM-1, allows the effective reduction in rolling velocities, and promotes arrest and leukocyte recruitment. In addition, activation of the integrin Mac-1 in specific microdomains of the adherent neutrophil is also induced through engagement of a different receptor for E-selectin, ESL-1, in a process that also requires SFK signaling (34) . All these studies point towards a complex and rich signaling crosstalk between selectin ligands and the pathways leading to integrin activation, indicating a functionally important link between these two adhesive pathways.
Following selectin engagement, chemokinetriggered signaling mediates the full activation of rolling neutrophils and promotes firm arrest and polarization. The chemokine CXCL1/KC (IL-8 in humans), through engagement of its receptor CXCR2, is a major inducer of these events in neutrophils (35, 36) . Other bacterial peptides, chemoattractants and several CXC-chemokines have similar effects on neutrophils through G alpha-imediated signaling (reviewed in (37)).
The classical view of leukocyte recruitment considered firm adhesion to be the last event of these cells within the vasculature. Use of in vivo imaging, however, has revealed that most leukocytes do not immediately extravasate but rather crawl on the endothelial layer, a process also referred to as locomotion and mediated by the integrin Mac-1 (38) (39) (40) . This crawling process can take from several seconds to minutes and may have an important impact in the inflammatory response because it increases the time that activated neutrophils (and as we will discuss later, associated platelets) spend inside the blood vessels and consequently the time during which they can inflict vascular injury if abnormally activated.
PLATELET RECRUITMENT AND HETEROTYPIC AGGREGATES
The interactions of platelets with extracellular components or other cells are central to their hemostatic, immune and inflammatory functions. Depending on the surface, platelet adhesion is mediated by one or more extracellular components, including collagen, von Willebrand factor (vWf), fibrin(ogen), or fibronectin and by cellular receptors including PSGL-1 or Mac-1 (9, 41-44) (Figure1).
Platelet-Platelet interactions
Platelet aggregation requires activation by exogenous agonists such as thrombin, ADP, Thromboxane A2 or collagen and is regulated by activation of the platelet glycoprotein (GP) GPIIb/IIIa receptor (integrin alphaIIbbeta3; CD41/CD61), the most abundant protein on the platelet surface. Fibrinogen (of plasma or platelet origin) is the ligand recognized by this integrin and its dimeric structure allows favors platelet aggregation. In absence of added exogenous stimuli, platelet aggregation occurs through a pathway requiring vWf binding to two platelet receptors: GPIb and GPIIb/IIIa (45, 46) . Other ligands that also participate in the interaction among platelets include fibronectin, vitronectin, and the CD40 ligand (9, 42) . Although all ligands have similar affinities to the activated form of GPIIb/IIIa, fibrinogen is the dominant ligand supporting platelet aggregation under low shear conditions (47) . In the final phase of thrombus formation, fibrinogen is converted to fibrin by thrombin, and this leads to stabilization and anchoring of platelet aggregates. Collagen also supports the formation of multiple layers of platelets and fibrinogen formation (48, 49) . Blockade of GPIIb/IIIa prevents deposition of additional platelets onto adherent platelets and lateral cohesion, platelet-collagen adhesion and alters thrombus formation (49).
Platelet-vessel wall interactions
Platelets activated with thrombin, collagen or calcium ionophores were shown by intravital microscopy analyses to roll on the vessel wall (50) . Similarly to leukocytes, platelet rolling increases depending on the venule shear rates and is mediated by P-selectin or vWf expressed in the endothelium and their counterreceptors on platelets; PSGL-1 or GPIbalpha  (51, 52) (Figure 1 ). In the absence of additional stimulation, platelets disengage from the vessel wall within minutes and return to circulation. Their release is mediated by cleavage of vWf complexes by the plasma metalloprotease ADAMTS13 (a disintegrin-like and metalloprotease with thrombospondin type I repeats 13) (53, 54) .
Under conditions of vascular damage, the glycoprotein complex (GPIb/IX/V) mediates the initial interactions of platelets with components of the exposed subendothelial membrane, including vWf and collagen (55) . Recognition of collagen through GPVI participates in adhesion to the vessel wall and platelet aggregation (56, 57) . GPIIb/IIIa then mediates binding to the vascular wall through engagement of fibrinogen, vWf and fibronectin (58) . Due to its pro-thrombotic functions, the activation of platelet GPIIb/IIIa is tightly regulated and triggered by GPIb ligation or by G protein coupled receptors (59, 60).
Platelet-leukocyte interactions
Both platelets and platelet-derived microparticles interact with a variety of leukocytes like granulocytes, monocytes, lymphocytes and even blood progenitor cells (Figure 1 ). Since the density of P-selectin on activated platelets after its release from platelet alpha-granules is much higher than on endothelium, leukocytes are avidly bound by activated platelets. Leukocytes can roll on deposited platelets and transmigrate much like they do with endothelial cells and in this manner facilitate leukocyte recruitment to inflamed or injured vessel wall (61, 62).
The interactions of platelets with leukocytes have varying consequences depending on the cell subset involved. Monocytes display a high propensity for platelet binging (63) and this favors both their activation and recruitment to injured areas (64) , as well as their differentiation into macrophages and transformation into foam cells (65, 66) , thus promoting atherogenic processes (67).
Platelet-lymphocyte aggregates constitute around 3% of circulating lymphocytes. Platelet activation slightly increase the formation of platelet-T lymphocyte aggregates proportional to the P-selectin-binding capacity of T cell subsets. P-selectin is essential in for these interactions, but CD41, CD40L, and CD11b also contribute to the formation of heterotypic aggregates (68) . These interactions have been described to facilitate the entry of naïve lymphocytes to peripheral lymph nodes by P-selectin recognition of carbohydrate ligands present on high endothelial venules, although this was evidenced mostly in the absence of Lselectin (10, 11) .
Several studies have uncovered that platelets can also bind hematopoietic and endothelial progenitor cells (HPC). Since HPC are a promising source of regeneration in atherosclerosis or ischemic heart disease the implications of these reports may be clinically significant. Adhered platelets can recruit circulating progenitors to areas of injury through presentation of P-seletin and GPIIb and deposition of chemokines, in particular CXCL12 (69) . In addition, in circulating progenitors, platelets provide additional receptors that may enhance their recruitment to inflamed areas or homing to the bone marrow, thus enhancing hematopoietic reconstitution in transplantation settings (70) . Beyond leukocyte trafficking, platelets may modulate inflammation by affecting the differentiation program of progenitor and monocyte subsets (reviewed in (67)).
In the remaining sections we will discuss the formation of heterotypic aggregates between platelets and myeloid leukocytes, with a special emphasis on the mechanisms by which platelets modulate neutrophil activity during acute or chronic inflammatory responses.
HETEROTYPIC INTERACTIONS AT SITES OF INFLAMMATION

Leukocyte polarization
Leukocyte polarization is a well described phenomenon that involves not only fast (in the order of seconds) and marked morphological changes from a round to an elongated shape, but also the segregation of receptors at the cell surface and signaling and structural molecules in the cytoplasm (71) (Figure 1 ). Leukocyte polarization is important for the directed migration of leukocytes during extravasation and tissue migration (72, 73) as it allows the cell to sense and respond to gradients of chemoattracting agents. Polarization is typically triggered when chemoattractants or chemokines engage G protein-coupled receptors, resulting in the formation of an elongated, nonadhesive structure at the rear end of the cell (with regard to the direction of movement) termed the trailing edge or uropod, and a flat area at the front characterized by the formation of membrane protrusions, termed the leading edge. Polymerization of F-actin at the leading edge provides the force required for membrane protrusion and is enabled by the specific accumulation and activation of Rho GTPases, particularly Cdc42, Rap1 and Rac (74) (75) (76) (77) , as well as proteins that contribute to regulating their activity, such as the guanine nucleotide exchange factor DOCK2 or phosphoinositide kinases (78, 79) . Formation of the uropod, in contrast, requires Rho-Rock signaling (80) and the phosphatase and tensin homolog (PTEN) (81) to induce an anti-adhesive state at the rear and lateral sides of the polarized leukocyte.
Paralleling this cytoplasmic segregation, transmembrane receptors also translocate at the cell surface: active integrins and chemokine receptors accumulate at the leading edge, whereas ligands for integrins and selectins (including PSGL-1, CD43, CD44, Lselectin, ICAM-1 and 3) are preferentially found at the uropod (38, 76, 82, 83) .
Importantly, additional factors other than chemokines can induce polarization. Engagement of CD44 by E-selectin can induce clustering of receptors, such as Lselectin or PSGL-1, on rolling neutrophils (23, 84) . Although not proven, it is conceivable that these structures in fact constitute "primordial" uropods and that leukocyte polarization is specified early during leukocyte recruitment.
Leukocyte polarization may be of particular relevance for the formation of heterotypic aggregates because the receptors mediating these intercellular interactions segregate and accumulate in small microdomains at higher densities, and thus might be more efficient at binding ligands under conditions of flow.
Heterotypic interactions mediated by leukocyte microdomains
Neutrophils recruited to the inflamed microvasculature can act as "anchors" to which circulating cells bind and thus represent a variation of the aforementioned scenario, where platelets recruited to sites of vascular damage allow the subsequent rolling and arrest of circulating leukocytes (Figure 1) .
A recent study used high-speed multichannel intravital microscopy to demonstrate that neutrophils (identified on the basis of high levels of Ly6G/C expression) firmly arrested to or actively crawling on the inflamed endothelium captured circulating platelets with high frequency (34) . A detailed microscopic analysis of these interactions showed that these took place mainly in areas of active pseudopodia formation, i.e. at the leading edge of neutrophils. This suggested that one or more receptors specifically expressed and active in this microdomain were responsible for platelet capture. Interactions with the rear side of the crawling leukocyte also occur but these represent a minor fraction under TNF alpha-induced inflammation (34) . In non-inflamed vessels interactions among leukocytes and platelets were also detected, but the number of these interactions was lower and were mediated by both the leading edge and the uropod with similar frequencies (34) . Thus, the formation of neutrophil-platelet aggregates at inflammatory sites is distinct and different from that found in the circulating blood in that it is initiated by recruited leukocytes and in that it involves specific microdomains on the polarized, adherent neutrophil.
While neutrophil interactions with platelets are well described, in vitro and in vivo imaging have revealed that neutrophils also establish frequent interactions with circulating RBC (34, 85) and that these interactions are also induced under inflammatory conditions (see below). In contrast to those with platelets, these interactions are exclusively mediated by the leading edge (34) , implying that a partially distinct set of receptors is involved in the interactions with platelets or RBC.
Finally, interactions of adherent neutrophils with other circulating leukocytes have also been described, and are thought to enhance leukocyte recruitment. These are mediated by binding of L-selectin and PSGL-1 (86) , and are therefore mediated by the uropod of adherent cells.
Neutrophil-platelet interactions and inflammatory injury
In vitro studies have shown that unpolarized neutrophils tether on platelet-coated surfaces through interactions mediated by platelet P-selectin and leukocyte PSGL-1 (87) (88) (89) . These initial contacts are followed by activation of the leukocyte integrin Mac-1 which engages the platelet glycoprotein GPIbalpha (89) . Similar receptorligand pairs appear to be involved in the interactions between polarized, adherent neutrophils and circulating platelets as demonstrated by analysis of mice deficient in Mac-1, P-selectin or PSGL-1. Absence of Mac-1 results in a marked reduction in interactions at the leading edge, while those mediated by the uropod remain unaffected in these mice (34) . By contrast, absence of P-selectin or PSGL-1 specifically reduces the interactions at the uropod (A.H., unpublished observations).
It remains to be determined whether GPIbalpha or other platelet ligand(s) are the physiologically relevant ligands for Mac-1 in these types of interactions (see Figure 1) .
The physiological significance of the segregation of receptors for platelets to different microdomains of adherent neutrophils (Mac-1 to the leading edge and PSGL-1 to the uropod) in the context of heterotypic interactions is intriguing; also intriguing are the functional consequences that platelet interactions with each domain may have for neutrophil activation.
What are the pathophysiological consequences of these interactions? Maugeri and colleagues have proposed that the "capture" of activated platelets by neutrophils may serve a protective role of the cardiovascular system by promoting their removal from circulation through phagocytosis (90) .
Several animal models have helped to further elucidate the pathological consequences of neutrophilplatelet interactions. In a mouse model of antibodyinduced transfusion-related acute lung injury (TRALI), a leading cause of transfusion-related morbidity and mortality (91) , platelets rapidly (in seconds to minutes) rosette around adherent neutrophils in an E-selectin and Mac-1 dependent manner (34) . Using oxidation-sensitive probes, adherent neutrophils were shown to produce radical oxygen species (ROS) within minutes of challenge, and these in turn caused endothelial injury, as evidenced by the prevention of endothelial permeability and lung injury by ROS-scavenging molecules (34) . Inhibition of E-selectin or depletion of neutrophils or platelets significantly reduces lung injury in antibody-treated mice (34, 92) . Likewise, treatment with aspirin to inhibit platelet cyclooxygenases also prevents neutrophil-mediated injury (92) , suggesting that a physical contact between activated platelets and neutrophils within the lung microvessels is required for vascular injury in this model. These findings are in agreement with the previously described ability of activated platelets to trigger the oxidative burst on neutrophils (93, 94) . In these studies inhibition of P-selectin failed to protect mice from injury, whereas the effect of Mac-1 blockade remains controversial (34, 92) .
In a model of acid-induced lung injury, a marked increase in neutrophil-platelet aggregates was also detected both in the pulmonary microvasculature and in the circulation. These interactions were mediated by P-selectin and triggered endothelial damage and lung injury (95) . Although in this model platelets probably bind unpolarized neutrophils in the circulation, it illustrates how different microdomains and intercellular adhesive pathways can contribute to vascular injury.
A more prominent example where these interactions play a role in vascular injury is sepsis, which is responsible for the death of about half a million people in the United States only (96) . Kubes and colleagues demonstrated that bacterial products, such as lypopolysaccharide (LPS), induced TLR4-dependent platelet activation and binding to neutrophils in liver sinusoids (13) . Neutrophils mediated platelet trapping in postsinusoidal liver venules, and these interactions induced endothelial cell death and organ damage. As in the case of TRALI, these interactions also appeared to be independent of P-selectin (13) . Although ROS production was not measured in this study, exacerbated neutrophil activation was evidenced by the production of neutrophil extracellular traps or NETs, webs of nuclear DNA containing granule and nuclear proteins that efficiently ensnare and kill circulating bacteria (97) .
These experimental models evidence that platelet engagement by neutrophils result in the production and release of toxic substances in the vascular milieu, which in turn produce organ damage. Neutrophil activation in this context is probably the result of "outside-in" signaling events triggered by engaged integrins, a process that is mediated by adaptor proteins such as Vav-1 and 3 or Kindlin-3 (98, 99) . These and other proteins responsible for neutrophil activation at sites of vascular injury thus represent potential targets for the development of therapeutic drugs.
Neutrophil-erythrocyte interactions
Under controlled in vitro conditions, interactions between RBC and adherent neutrophils have been detected and shown to be sensitive to the applied shear rates, with very few interactions at higher shear rates, and this was confirmed in vivo (34, 100) . This reduced capture rate may be due to the higher volume of these cells compared to platelets (and concomitant drag force under flow conditions) and/or different affinities for the ligand(s) that mediate binding, and suggest that a physiological function for neutrophil-RBC interactions may be restricted to inflamed venules or other vessel types with reduced shear values. Use of blocking antibodies or gene-targeted mice demonstrated that the leukocyte integrin Mac-1 is an absolute requirement for these interactions (34, 100) . Engagement of neutrophil ESL-1 by endothelial E-selectin enhanced the activity of Mac-1 at the leading edge of leukocytes through signaling by SFK, and consequently the frequency of these interactions (34) (Figure 1) . Although the identity of the ligands on the surface of RBC that might function as a ligand for Mac-1 are not known, ICAM-4 and the complement protein C3 appear as potential candidates (100, 101) . Mice deficient in C3 do indeed present significant reductions in neutrophil-RBC interactions (34) . One interpretation of this data is that these interactions serve to remove aged or damaged RBC that are opsonized and targeted for phagocytosis.
The pathophysiological consequences of these interactions become evident in a murine model of sickle-cell vasoocclussion. Sickle cell disease (SCD) is a common inherited blood disorder with an elevated morbidity and mortality rate due to acute pain crises, chronic inflammation and ischemic end-organ damage such as pulmonary hypertension, renal failure and cerebrovascular injury (102, 103) .
Intravascular trapping of sickled RBC within the vasculature is directly responsible for endothelial activation, vasoocclusion and organ damage, and several mouse models of SCD have been established that faithfully replicate the major features of the human disease, including anemia and chronic inflammation (104) .
Using these "sickle" mice, Frenette and colleagues observed that sickle-shaped RBC interact with high frequency with neutrophils recruited to inflamed venules of the cremaster muscle after treatment with the cytokine TNFα, and that this phenomenon was responsible for the vaso-occlusive episodes (85) . These interactions were very sensitive to signals initiated downstream of E-selectin, because absence of this selectin completely abolished the formation of neutrophil-RBC aggregates (34) . Use of inhibitory antibodies to Mac-1 (34) or its genetic deletion (our unpublished observations) also demonstrated the absolute requirement of this receptor in mediating these interactions in "sickle" animals. Additionally, the elevated levels of C3 bound to deoxygenated RBC from SCD patients suggests a role for this complement protein in the pathogenesis of vasooclussion (105) .
These findings suggest that the pathways identified under acute inflammatory conditions in healthy animals are also at work in a model of chronic inflammation and identify attractive targets for therapeutic intervention. Recent work using synthetic pan-selectin inhibitors have indeed proved the feasibility of reducing intravascular interactions, with a concomitant improvement of blood flow and survival of challenged "sickle" mice (106) . It has been proposed that this type of heterotypic interactions may also contribute to vascular occlusion and pain during deep vein thrombosis (100).
IMPLICATIONS IN CARDIOVASCULAR DISEASE
The disease models described above underscore the importance of neutrophil-platelet interactions during acute inflammatory injury. What is the involvement of these heterotypic interactions in chronic vascular disease? There are a surprisingly low number of scientific reports related to the mechanisms by which neutrophils contribute to chronic inflammatory disease. Several clinical reports have nonetheless found a significant correlation between blood leukocyte counts and the incidence of long-term vascular disease associated with atherosclerosis, diabetes or SCD. Interestingly, these correlations were often more significant in the case of neutrophils than for other leukocyte subsets (reviewed in (107)).
While the initiation of these inflammatory disorders clearly involves other myeloid leukocytes (monocytes, macrophages and dendritic cells) and cells of the adaptive immune arm (108, 109) , it is likely that neutrophil activation in affected vascular beds exacerbates endothelial injury and preserves inflammation. Increased numbers of leukocyte-platelet aggregates have indeed been associated with patients with an increased risk of cardiovascular disease (reviewed in (110) ). Correlating with these data, the number of primed neutrophils and the levels of neutrophil-derived myeloperoxidase are found elevated in hyperlipidemic patients (111) .
One plausible mechanism by which leukocyteplatelet interactions promote atherosclerosis in the ApoEnull mouse model was elegantly uncovered by Klaus Ley and colleagues (64) . They demonstrated that activated platelets bind circulating monocytes in a P-selectindependent manner and enhance their recruitment to inflamed or atherosclerotic endothelium through local delivery of proinflammatory chemokines. This, in turn, increased the lesion size in aortas of ApoE null mice (64) . A number of recent studies have described that neutrophils also accumulate in significant numbers both in the luminal and intraplaque areas of atherosclerotic lesions (112, 113) . Importantly, Christian Weber's group reported that the enforced egress of bone marrow neutrophils aggravated, whereas their depletion attenuated, diet-induced atherosclerosis in ApoE-null mice (114).
Although these observations suggest that selectin-dependent, local activation of neutrophils that engage circulating platelets might augment endothelial injury and contribute to plaque generation or growth, this remains largely unexplored. This contention is further supported by a number of observations, including the expression of E-selectin in endothelial beds associated with human atherosclerotic plaques (115) , its contribution to plaque formation alone or in combination with P-selectin (116, 117) , and the significant role of platelet-derived Pselectin (118) and beta2-integrins on leukocytes in promoting long-term vascular injury, including atherosclerotic plaque formation and growth (119, 120) .
Future research using improved imaging technologies and relevant animal models will likely help to unravel the mechanisms by which interactions among blood cells contribute to acute and chronic cardiovascular disease, and may lead to the rational design of therapies to target this group of complications that so overwhelmingly threat our quality of life.
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